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Has Progress Been Made in Progressive Myoclonic
Epilepsy (EPM1)?

Refining the Phenotype of Unverricht-Lundborg Disease (EPM1): A Population-Wide Finnish Study.

Hyppénen J, Aikid M, Joensuu T, Julkunen P, Danner N, Koskenkorva P, Vanninen R, Lehesjoki A-E, Mervaala E, Kélvidinen R.
Neurology 2015;84:1529-1536.

OBJECTIVE: This Finnish nationwide study aimed to refine the clinical phenotype variability and to identify factors

that could explain the extensive variability in the clinical severity of the symptoms observed among patients with
Unverricht-Lundborg disease (progressive myoclonus epilepsy type 1 [EPM1]) homozygous for the dodecamer
expansion mutation in the cystatin B (CSTB) gene. METHODS: The study population consisted of 66 (33 men and 33
women) patients with genetically confirmed EPM1 homozygous for the CSTB expansion mutation for whom the sizes
of the expanded alleles were determined. The clinical evaluation included video recorded Unified Myoclonus Rating
Scale and retrospectively collected medical history. The navigated transcranial magnetic stimulation test was used to
determine motor threshold (MT) and silent period (SP) of the motor cortex. RESULTS: An earlier age at onset for EPM1
and longer disease duration were associated with more severe action myoclonus, lower performance IQ, increased MT,
and prolonged SP. The number of dodecamer repeats in CSTB alleles varied between 38 and 77. On average, the size of
the longer expanded alleles of patients was independently associated with MT, but exerted only a modulating effect
on age at onset, myoclonus severity, and SP. CONCLUSIONS: As a group, earlier disease onset and longer duration are
associated with more severe phenotype. Even though the vast majority of patients with EPM1 have a uniform genetic
mutation, the actual size of the longer CSTB expansion mutation allele is likely to have a modulating effect on the age

at disease onset, myoclonus severity, and cortical neurophysiology.

Commentary

Unverricht-Lundborg disease (progressive myoclonic epilepsy
type 1 [EPM1]) is a rare autosomal recessive neurodegenera-
tive disorder caused by unstable dodecamer repeats of the
cystatin B gene (CSTB). Presenting in early childhood (6-15
years) with stimulus-induced myoclonus and tonic-clonic
seizures, the neurologic exam may be normal at onset, though
the disease inevitably progresses to include ataxia, dysarthria,
intention tremor, and incoordination, along with psychologic
manifestations of depression, emotional lability, and decline
in intellectual function over subsequent years (1). While rare,
EPM1 is the most common of the progressive myoclonic
epilepsies, with the highest incidence (1/20,000) in the Finnish
population, making this cohort prime for investigating the
disease (2, 3). The phenotype of EPM1 can vary with regard to
age of onset, severity of seizures and myoclonus, and rate of
deterioration, even within the same family or among individu-
als with similar size repeat expansions of CSTB (1, 4). Hypp&nen
and colleagues refine the characteristics of EPM1 and further
identify factors responsible for this phenotypic variability
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through investigation of the largest reported genetically con-
firmed cohort of EPM1.

The authors collected basic disease demographics in
addition to CSTB expansion size, measurements of cortical
excitability using motor threshold (MT), a measurement of
cortical hyperexcitability, and silent period, a measure of
cortical inhibition ,via transcranial magnetic stimulation, and
severity of myoclonus using a standardized unified myoclonus
rating scale. They demonstrate that earlier age of onset and
longer duration of disease most significantly account for vari-
able severity of myoclonus across patients. As the study was a
cross-sectional design with group analysis, they are cautious
to extrapolate data to a single patient, as even patients with
identical age of onset had varied symptoms. Whether this
reflects an inherent difference in disease severity or simply
collection of data at a different point in disease progression is
not clear. EPM1 symptoms progress over the first 5 to 10 years
before plateauing, therefore collection of data at a single point
in time among patients with different durations of disease did
not allow delineation of which characteristic is most predic-
tive of symptom severity. Thus, while this study may not help
predict speed of symptom progression, we do gain insight
into negative predictive characteristics. The linear correlation
between disease duration and severity of myoclonus sug-
gests earlier onset will likely result in attainment of disabling
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symptoms at a younger age, which may explain the additional
adverse effect on performance IQ seen in those with more
severe myoclonus. While these patient characteristics predict
poor outcome, they cannot fully explain the clinical variability
seen in less affected patients with similar age of onset and
duration of disease.

As CSTB expansion is the primary cause of EPM1 worldwide,
the authors sought to investigate a connection between CSTB
expansion size and symptom severity, a correlation refuted
by prior smaller studies of EPM1 (4, 5). Many are familiar with
triplet repeat diseases such as Huntington chorea or myotonic
dystrophy in which symptom severity increases with each
generation (anticipation) as the size of the repeat expands. An-
ticipation is generally not seen in autosomal recessive disease,
as all affected individuals are offspring of clinically unaffected
carrier parents (4). However, repeat size may still influence
symptom severity, as occurs in Freidreich ataxia, another reces-
sive repeat disease (6, 7). In the present study, longer CSTB re-
peat size corresponds with an earlier onset of disease, but only
when a single patient with late onset of symptoms and small
repeat size are included in the analysis. It is possible that as the
EPM1 cohort grows, delineation of a connection between CSTB
repeat size and clinical severity will arise, but for now it does
not appear to have a direct correlation.

While there was no independent effect of genetic variation
on clinical phenotype, the CSTB expansion size may still have a
modulating effect on symptoms. The authors found a correla-
tion between longer CSTB expansions and higher MTs, pro-
longed silent period, and severity of myoclonus. MT is expected
to be lower in untreated patients with EPM1, indicating cortical
hyperexcitability leading to myoclonus. The authors demon-
strated higher MTs associated with longer CSTB expansions, a
finding possibly attributed to the increased number of antiepi-
leptic drugs (AEDs) used in more severe cases. Despite expo-
sure to several AEDs, patients continued to have myoclonus, a
finding cited in a previous study, which included many patients
from this cohort and concluded that elevated MT could not be
interpreted to indicate reduced cortical excitability (8). Theoreti-
cally, it would appear that the prolonged MT is not an etiology
of more severe myoclonus, but instead a manifestation of more
severe phenotype. Longer silent period durations represent
increased inhibitory action. While a prolonged silent period was
a strong indicator of myoclonic severity, this too appears less
likely to be a neurophysiologic cause and instead a reaction to
severe myoclonus. Thus, these findings suggest that longer CSTB
repeats are related to altered neurophysiologic networks but
are more likely to exert a modulating effect instead of being an
independent cause of phenotype severity.

The disconnection between allele size and EPM1 symp-
toms remains unclear. It is possible that allele size reaches a
critical threshold after which time CSTB expression is reduced,
resulting in symptoms (5). Compared with the expansion
found in Freidreich ataxia, which decreases frataxin pro-
portional to repeat length and thus increases severity, the
dodecamer repeat of EPM1 may reside between promotor re-
gions, which simply become inactive once a critical distance is
surpassed (9, 10). Once CSTB is reduced, other as yet unknown
genetic factors may be influenced to varying degrees and
result in phenotypic variability.
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In the end, we are left without a direct correlation between
CSTB expansion size and disease severity, a finding which
would prove immensely useful in providing prognosis and
guiding treatment in patients with EPM1. In a rare disease with
phenotypic variability, it is difficult to characterize subtypes
of the disease with such small numbers of affected individu-
als. This cohort utilizes an increasing patient population to
delineate several characteristics that correlate to more severe
outcome and provides evidence that other modifying factors
remain at play in this disorder. While progress has certainly
been made in EPM1, only with time and more patients will our
understanding improve.

by M. Scott Perry, MD
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